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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in the 
application. Applicant has canceled Claims 20-25 without prejudice. Applicant has amended 
Claims 1-3, 7, 8, 1 1-13 and 16-19, and added new Claims 26-34 as follows: 

1 . (Currently Amended) A photodiode, comprising: 
a substrate; 

a first conduction type buffer layer formed over on a first surfac e of the substrate; 

an amplifying layer formed over eft the first conduction type buffer layer; 

a second conduction type field controlling layer formed over en the amplifying 
laye r, the second conduction type field controlling layer comprising a central portion and 
a peripheral portion positioned on a side of the central portion in a horizontal direction 
thereof the central portion having a charge density higher than that of the peripheral 
portion : 

a s e cond conduction type ion inj e ction lay e r form e d within th e fi e ld controlling 

layer; 

a second conduction type light-absorbing layer formed over en the field 
controlling layer; 

a second conduction type buffer layer formed over en the light-absorbing layer; 

and 

a first electrode and a second electrode formed to electrically contact the first 
conduction type buffer layer and the second conduction type buffer layer, respectively. 

2. (Currently Amended) The photodiode according to claim 1, further comprising a 
second conduction type ohmic contact layer formed between the second condcution conduction 
type buffer layer and the second electrode. 

3. (Currently Amended) The photodiode according to claim 2, further comprising a 
passivation layer covering a surface of the second conduction type ohmic contact layer and a 
surface of the first conduction type buffer laye r, whil e allowing th e first e l e ctrod e to e lectrically 
contact the first conduction typ e buffer lay e r and th e second el e ctrod e to e l e ctrically contact th e 
s e cond conduction typ e ohmic contact lay e r . 
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4. (Previously Presented) The photodiode according to claim 1, further comprising 
an anti-reflection layer formed on a surface of the substrate which faces away from the first 
conduction type buffer layer. 

5. (Previously Presented) The photodiode according to claim 1, wherein each of the 
first conduction type buffer layer, the second conduction type field controlling layer, and the 
second conduction type buffer layer comprises an InP semiconductor layer, and wherein the 
second conduction type light-absorbing layer comprises an InGaAs semiconductor layer. 

6. (Previously Presented) The photodiode according to claim 1, wherein the first 
conduction type buffer layer comprises an InP semiconductor layer and an InAlAs semiconductor 
layer. 

7. (Currently Amended) Th e photodiod e according to claim 1, A photodiode, 
comprising : 

a substrate ; 

a first conduction type buffer layer formed over a first surface of the substrate; 
an amplifying layer formed over the first conduction type buffer layer; 
a second conduction type field controlling layer formed over the amplifying layer; 
a second conduction type ion injection layer formed within the field controlling 

layer; 

a second conduction type light-absorbing layer formed over the field controlling 

layer; 

a second conduction type buffer layer formed over the light-absorbing layer; and 

a first electrode and a second electrode formed to electrically contact the first 
conduction type buffer layer and the second conduction type buffer layer, respectively, 

wherein a total charge density of the second conduction type ion injection layer 
and the second conduction type field controlling layer is 3 x 1012/cm 2 ±20%, and 

wherein a charge density of a region of the second conduction type field filed 
controlling layer where the second conduction type ion injection layer is not formed is 
2xl012/cm 2 ±20%. 
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8. (Currently Amended) The photodiode according to claim 1, wherein the 
amplifying layer comprises at least one of an the InAlAs semiconductor layer and an InAlGaAs 
semiconductor layer. 

9. (Original) The photodiode according to claim 1, wherein the second electrode is 
formed in a ring structure so as to project a plurality of optical signals toward the second 
electrode. 

10. (Previously Presented) The photodiode according to claim 1, wherein the substrate 
comprises one of a first conduction type InP semiconductor layer and a semi-insulation InP 
semiconductor layer. 

1 1 . (Withdrawn - Currently Amended) A method for fabricating the a photodiode of 
Claim 1, comprising: 

providing pr e paring a substrate; 

providing a first conduction type buffer laye r over the substrate; 

providing an amplifying layer over the first conduction type buffer layer ; having a 
sup e rlattic e structur e , 

providing a second conduction type field controlling laye r, and a surfac e 
prot e ction lay e r on th e substrat e over the amplifying layer, the second conduction type 
field controlling layer comprising a central portion and a peripheral portion positioned on 
a side of the central portion in a horizontal direction thereof ; 

injecting ions into the central portion of t he field controlling layer so as to form a 
s e cond conduction typ e ion inj e ction lay e r ; 

providing removing th e surfac e prot e ction layer and s e rially forming a second 
conduction type light-absorbing layer over the second conduction type field controlling 
layer; 

providing a second conduction type field buffer laye r over the second conduction 
type light-absorbing layer; and a second conduction typ e ohmic contact lay e r on th e fi e ld 
controlling lay e r; 

s e l e ctiv e ly r e moving th e s e cond conduction typ e ohmic contact layer, th e s e cond 
conduction typ e fi e ld buff e r lay e r, the s e cond conduction typ e light absorbing lay e r, th e 
second conduction typ e fi e ld controlling layer, and th e amplifying lay e r having th e 
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superlattic e structur e , bas e d on the ion inj e ction lay e r, so as to e xpose a surfac e of tho 
first conduction typ e buff e r lay e r, ther e by forming a m e sa structure; 

forming a passivation lay e r on an e ntir e surface of th e substrat e , so as to form a 
plurality of contact hol e s on th e ohmic contact layer and th e first conduction typ e buff e r 
lay e r; and 

providing forming a first electrode and a second electrode electrically contacting 
the first conduction type buffer layer and the second conduction type ohmic contact layer ? 
r e sp e ctiv e ly, through th e contact hol e s . 

12. (Withdrawn - Currently Amended) The method according to claim 11, wherein 
th e forming an ion inj e ction lay e r furth e r compris e s the ions injected into the central portion 
comprises ion inj e cting impuriti e s such as beryllium (Be) or magnesium (Mg) ions, into th e fi e ld 
controlling lay e r; and wherein the method further comprises heating the substrate, activating th e 
inj e ct e d ions by treating th e substrat e with a h e ating proc e ss. 

13. (Withdrawn - Currently Amended) The method according to claim 12, wherein 
the substrate is heated h e ating proc e ss is carri e d out at a temperature from in th e rang e of 600 to 
700 degrees Celsius (°C). 

14. (Withdrawn) The method according to claim 11, further comprising carrying out 
a lapping process and a polishing process, so as to reduce a thickness of the photodiode. 

15. (Withdrawn) The method according to claim 11, further comprising forming an 
anti-reflection layer on a lower surface of the substrate. 

16. (Withdrawn - Currently Amended) The method according to claim 1 1, wherein at 
least one of the first conduction type buffer layer, the second conduction type field controlling 
layer, and the second conduction type buffer layer comprises are form e d of an InP semiconductor 
lay e r, and wherein the second conduction type light-absorbing layer comprises and th e s e cond 
conduction typ e ohmic contact lay e r are form e d of an InGaAs semiconductor layer. 

17. (Withdrawn - Currently Amended) The method according to claim 11, wherein 
providing the first conductive type buffer layer comprises is form e d -by depositing an the InP 
semiconductor layer and an InAlAs semiconductor laye r, and th e InAlAs s e miconductor lay e r is 
r e mov e d wh e n forming the m e sa structur e. 
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18. (Withdrawn - Currently Amended) The method according to claim 11, wherein a 
total charge density of the central portion th e s e cond conduction type ion injection lay e r and the 
s e cond conduction typ e field controlling lay e r is less than or equal to 3 x 1012/cm 2 ±20%, and a 
charge density of the peripheral portion an e dge region, wh e r e th e ion inj e ction lay e r is not 
form e d , is 2x 1012/cm 2 ±20%. 

19. (Withdrawn - Currently Amended) The method according to claim 11, wherein 
the amplifying layer having th e sup e rlattic e s tructur e is e ith e r form e d of comprises at least one of 
the-InALAs semiconductor lay e r and aa-InAlGaAs semiconductor lay e r, or form e d of th e InAlAs 
s e miconductor lay e r and th e InAlGaAs s e miconductor lay e r alt e rnat e ly d e posited on e ach oth e r . 

20. (Canceled) 

21. (Canceled) 

22. (Canceled) 

23. (Canceled) 

24. (Canceled) 

25. (Canceled) 

26. (New) A photodiode, comprising: 
a substrate; 

a first conduction type buffer layer over the substrate; 

an amplifying layer over the first conduction type buffer layer; 

a second conduction type field controlling layer over the amplifying layer, the 
second conduction type field controlling layer comprising a central region and an edge 
region, the second conduction type field controlling layer comprising beryllium (Be) or 
magnesium (Mg) impurities in the central portion, not in the edge region: 

a second conduction type light-absorbing layer over the field controlling layer; 

a second conduction type buffer layer over the light-absorbing layer; 

a first electrode electrically contacting the first conduction type buffer layer; and 

a second electrode electrically contacting the second conduction type buffer layer. 

27. (New) The photodiode according to claim 26, further comprising a second 
conduction type ohmic contact layer formed between the second conduction type buffer layer and 
the second electrode. 
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28. (New) The photodiode according to claim 27, further comprising a passivation 
layer covering a surface of the second conduction type ohmic contact layer and a surface of the 
first conduction type buffer layer. 

29. (New) The photodiode according to claim 26, further comprising an anti- 
reflection layer on a surface of the substrate, the surface faceing away from the first conduction 
type buffer layer . 

30. (New) The photodiode according to claim 26, wherein the second electrode 
comprises an annular shaped body . 

31. (Withdrawn - New) The method according to Claim 11, further comprising 
providing a second conduction type ohmic contact layer over the second conduction type buffer 
layer. 

32. (Withdrawn - New) The method according to Claim 11, wherein injecting ions 
into the central portion is conducted prior to providing the light-absorbing layer. 

33. (Withdrawn - New) The method according to Claim 11, wherein injecting ions 
into the central portion is conducted subsequent to providing the second conduction type buffer 
layer. 

34. (Withdrawn - New) The method according to Claim 31, wherein injecting ions 
into the central portion is conducted subsequent to providing the second conduction type ohmic 
contact layer. 



